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for blocks neighbouring a central block. This information
is then used to select a region for further more refined
searching. The process may be performed iteratively.

S

-7 0 7
® &1
(TH——1ds j
©) e 0
TR
© @ 4

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1176 829 A1
Description

[0001] The present invention relates to a motion estimation method comprising calculating a difference value repre-
senting the difference between an image block and a central block of a search area.

[0002] There are four kinds of redundancies which must be effectively removed for high-compression coding of
moving pictures. First, there is redundancy existing in signal constituents. Second, there is statistical redundancy due
to the statistical probability of data generation. Third, there is time redundancy between pictures. Fourth, there is spatial
redundancy within the pictures.

[0003] The redundancy existing in the signal constituents can be reduced by using a signal having a rate of brightness
to chromaticity of 2:1. The statistical redundancy can be reduced by variable length coding which reduces the average
number of bits using the probability of data generation during the coding. The spatial redundancy can be reduced by
a discrete cosine transformation (DCT). The time redundancy which is generated much in the moving pictures can be
reduced by motion estimation (ME) and motion compensation (MC).

[0004] According to one example of conventional motion estimation methods to reduce redundancy, a full search
(FS) is used as a block matching algorithm. When the full search is used as the block matching algorithm, the complexity
of an encoder depends on a motion estimation algorithm. This method shows the highest compressibility in coding the
moving pictures. However, the overall performance of a coder is low due to excessive computational complexity.
[0005] According to another motion estimation method to solve the above problems, computational complexity is
decreased on the basis of well-known 3-step or 4-step search. These methods search for a block which is the most
similar to a current block, comparing the current block with all blocks within a fixed search region. The 3-step search
method can relatively simply and exactly estimate motion.

[0006] However, a motion estimation method which can perform fast block matching by reducing computational
complexity is still required.

[0007] A motion estimation method according to the present invention is characterised by calculating difference
values representing the difference between said image block and blocks of said search area which neighbour said
central block and selecting a region of said search area for further finer grained searching using a motion direction
estimation produced in dependence on said difference values. Preferably, the direction estimation is produced on the
basis that the most likely direct is that corresponds to a smallest difference value, which may be a difference value for
one of said blocks or an estimated difference for an intermediate block.

[0008] Preferably, said neighbouring blocks overlap said central block.

[0009] Preferably, said difference values are mean absolute difference values.

[0010] Preferably, said motion direction estimation can have values corresponding to no direction, 0°, 45°, 90°, 135°,
180°, 225°, 270° and 315°.

[0011] A method of motion estimation may comprise iteratively performing a method according to the present inven-
tion such that the displacement of said neighbouring blocks from said central block is reduced with each iteration.
Preferably, the iteration is halted if the motion direction estimation indicates no direction of motion.

[0012] An embodiment of the present invention will now be described, by way of example, with reference to the
accompanying drawings in which:

Figure 1is a flowchart illustrating the major steps of a motion estimation method according to the present invention;
Figures 2a, 2b, 2c and 2d show motion vector distributions in each image sequence of four quadrature common
intermediate formats (QCIF), such as "Carphone," "Foreman," "Mom & Daughter," and " Susie";

Figure 3 illustrates a treatment process of the first step;

Figure 4a shows an example where eight search points are determined on all blocks existing in 100 frames of
each test image of "Carphone" and "Mom & Daughter" in order to investigate a correlation between a search point
having the smallest MAD value and neighbouring search points;

Figures 4b and 4c¢ show the result of calculating an average MAD value at the corresponding search point; and
Figure 5 illustrates an example of estimating a motion vector (7,1).

[0013] The preferred embodiments will be described on the basis of 3-step motion estimation.

[0014] A motion estimation method according to the present invention, first, utilizes the fact that, for example, about
70 % of a motion vector is concentrated on a motion vector coordinate (0,0) within moving pictures of 20-30 frames
per second. Figures 2a, 2b, 2c¢, and 2d illustrate motion vector distributions of four quadrature common intermediate
formats (QCIF) of "Carphone," "Foreman," "Mom & Daughter," and "Susie" in image sequence. Referring to Figure 2,
the motion vector distributions are concentrated around (0,0).

[0015] Second, the motion estimation method according to the present invention considers a correlation between
search points. Particularly, the method considers that most motion vectors tend to move toward where the predeter-
mined mean square difference (MSD) or a mean absolute difference (MAD) becomes a minimum, and it is easy to
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search at the local minimum point. Therefore, if an arbitrary search point is determined as the local minimum point,
the point is determined as a point for a motion vector. If not, a correlation between the neighbouring search points is
used on the basis of the MAD value, so that the computational complexity of the search is decreased. Also, the preferred
embodiments of the invention utilizes the fact that, if the difference of the MAD values between the neighbouring search
points is small in a certain direction, there is a large possibility that motion exists in that direction. In this way, in the
preferred embodiments of the present invention, the difference between the MAD value and the neighbouring search
points is used as a correlation between a search point and the neighbouring search points.

[0016] As shown in Figure 3, four search points (a, b, ¢, d) £4 pixel-displaced from the search centre point are
determined as new search points. Next, MAD values are calculated at the search points determined in the first step
(step 102). Next, for each MAD value, it is determined whether that MAD value is the smallest value at the centre point
(o) (step 104). The step 104 can be understood as a step for determining whether the direction of a motion vector is
toward the central point or not. If the MAD is a minimum at the centre point (0), eight new search points which are + 1
pixel-displaced are introduced (step 110), and MAD values are calculated on the introduced search points and a dis-
placement vector of a search point having the smallest MAD value is determined as a motion vector (step 112).
[0017] If the MAD value of the centre point (0) is not a minimum in the step (104), and the smallest MAD value exists
at the search points (a, b, ¢, d), a direction of motion is determined using a correlation between the neighbouring search
points. That is, if the smallest MAD value exists at the search points (a, b, c, d), a new search point is determined for
the second step on the basis of the correlation between the neighbouring search points (step 120).

[0018] Figure 4a illustrates an example in which eight search points are determined on all blocks which exist in 100
frames of each of the test images of "Carphone" and "Mom & Daughter" in order to investigate the correlation between
the least difference search point and the neighbouring search points, and Figures 4b and 4c illustrate the result of
calculating the average MAD value at the corresponding search point.

[0019] Referring to Figure 4b, the search point (d) is the lowest MAD point,

[MAD(d)-MAD(c)| is 27, and |MAD(d)-MAD(b)| is 31, so that

[MAD(d)-MAD(c)|<|MAD(d)-MAD(b)|. This means that the MAD value of the

point (dc) between points (d) and (c) is smaller than the MAD value of the point (bd) between points (a) and (d), and
also it statistically shows that the MAD value becomes smaller in the direction in which the difference value is small.
[0020] Also, referring to Figure 4c, the search point (a) is the point with the lowest MAD,

|MAD(a)-MAD(b)| is 178, and |[MAD(a)-MAD(c)| is 23, so that

|[MAD(a)-MAD(b)|> [MAD(a)- MAD(c)|. This means that the MAD value of the point (ca) is smaller than the MAD value
of (ab). The correlation between the search points can also formed when points (b), (c), or (d) are the points with the
lowest MAD value.

[0021] That s, if one of the search points (a, b, c, d), except the search points corresponding to the centre (o) of a
macro block in the first step, is determined is determined to have the smallest MAD value, a motion estimation method
according to the present invention uses a correlation between the neighbouring search points for the estimation of
motion vector direction constituents. In the preferred embodiments, an absolute difference between the MAD value of
a search point having the smallest MAD value and MAD values of the neighbouring search points is used in a correlation
between a search point having the smallest MAD value and the neighbouring search points. That is, a search point of
the next step and a motion are estimated according to the following formulae.

|IMAD(a) - MAD(b)| = |MAD(a) - MAD(c)| (1)
|MAD(a) - MAD(b)| > |MAD(a) - MAD(c)| )
|[MAD(a) - MAD(b)| < |[MAD(a) - MAD(c)| 3)

[0022] If Formula 1 is satisfied, eight search points + 1 pixel-displaced from the search point (a) are determined, and
a displacement value of a search point having the least MAD is determined as a motion vector, not shown in Figure 1.
[0023] Also, as shown in Figure 4a, if Formula 2 is satisfied, a middle point (ca) between the search points (a) and
(c) is newly determined, and the second step is performed according to the result of comparing and calculating other
search points.

MAD(a) = MAD(ca) (4)
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MAD(a) > MAD(ca) (5)

MAD(a) < MAD(ca) (6)

[0024] If Formula 4 is not satisfied, eight search points +1 pixel-displaced from a middle point between the search
points (a) and (ac) are newly configured, and a displacement vector of a search point having the smallest MAD is
determined as a motion vector. Also, if Formula 5 is satisfied, the point (ca) is determined as a new search centre point
for the second step. Next, four search points +2 pixel-displaced from the new search centre point (ca) are determined.
If Formula 6 is satisfied, the point (a) is determined as a new search centre point for the second step. Next, four search
points +2 pixel-displaced from the new search centre point (a) are determined. That is, four search points £2 pixel-
displaced from a newly determined search centre point are determined (step 122).

[0025] Next, MAD values are calculated at the search points determined in the step 122 (step 124). Next, a new
search centre point is determined for the third step on the basis of a correlation between a search point having the
smallest MAD value and the neighbouring search points from the result of calculation of the step 124 (step 126). Next,
in the third step, eight search points +1 pixel-displaced from the determined search centre point are introduced (step
128). Then, MAD values are calculated on the introduced search points, and a displacement vector of the search point
having the smallest MAD value is determined as a motion vector (step 130).

[0026] Referring to Figure 5, in the first step, the smallest MAD value corresponds to the case where a search point
is not the point (0) but the point (d). According to the present invention, in this case, a correlation between the neigh-
bouring search points is used. Analyzing the correlation, [MAD(d) - MAD(c)| > |MAD(d) - MAD(b)| is satisfied, so that
the MAD of a middle point (e) between the search points (b) and (d) is calculated. The MAD of the search point (b) is
larger than the MAD of the search point (e); therefore, the search point (e) is determined as a new search point for the
second step, and four search points £2 pixel-displaced from the search centre point (e) are determined, and then, the
second step is performed. If a search point (i) has the smallest MAD, and |MAD(i) - MAD(h)| > |MAD(i) - MAD(g)| is
satisfied, the MAD of a middle point (j) between search points (i) and (g) is calculated. Because the MAD(qg) is larger
than the MAD(j), eight search points + 1 pixel-displaced from the search centre point (j) are introduced in the third step.
In the last step, the optimum point (7,1) is given, and a motion vector is determined using the distance from the optimum
point.

[0027] If the process is finished in the first step, the smallest number of search points is "5+8=13". If a motion vector
is determined through all steps, the smallest number of search points is "5+1+4+1+8=19".

[0028] A mock experimentis performed for evaluating the performance of the conventional motion estimation method
and the motion estimation method of the present invention. The objects of comparison are a full search method (FSM)
which estimates a motion most exactly, a 3-step search (3SS) which estimates a motion relatively fast, and a 4-step
search (4SS) which is recently known to have good performance. An average search point (ASP) per macro block is
chosen as a head for comparing computational complexity. Table 1 shows results of comparing the ASP.

Table 1
Carphone | Foreman | Mom & Susie
Daughter
FSM 225 225 225 225
3SS 25 25 25 25
4SS 17.0249 17.2818 17.0039 17.5189
Present Invention 13.6019 13.6512 13.2085 13.5189

[0029] Referring to Table 1, a motion estimation method according to the present invention has a smaller ASP per
macro block than the conventional motion estimation methods (FSM, 3SS, 4SS). That is, the motion estimation method
according to the present invention remarkably reduces computational complexity, and enhances image compression
speed.

[0030] Also, a PSNR which is expressed as in decibels (db) is used as a head for comparing precision of motion
estimation. Table 2 shows results of measuring an average PSNR for 100 frames of each test image.
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Table 2
Carphone | Foreman | Mom & Susie
Daughter
FSM 32.1984 30.619 37.4603 35.3273
38S 31.9917 30.2156 37.3863 35.0973
48S 31.9952 30.2805 37.3922 35.0892
Present Invention 31.9009 30.3276 37.3896 34.9263

[0031] Referring to Table 2, a motion estimation method according to the present invention does not degrade the
quality of pictures as much during image compression when compared to conventional motion estimation methods
(FSM, 3SS, 4SS).

[0032] Also, the motion estimation method according to the present invention can be made into a program which is
performed on a personal computer or a server computer. Program codes and code segments forming the program can
be easily inferred by computer programmers skilled in the art. Also, the program can be stored on computer-readable
recording media. The recording media may be magnetic recording media, optical recording media, or broadcast media.

Claims

1. A motion estimation method comprising calculating a difference value representing the difference between an
image block and a central block of a search area, characterised by calculating difference values representing the
difference between said image block and blocks of said search area which neighbour said central block and se-
lecting a region of said search area for further finer grained searching using a motion direction estimation produced
in dependence on said difference values.

2. A method according to claim 1, wherein said neighbouring blocks overlap said central block.
3. A method according to claim 1 or 2, wherein said difference values are mean absolute difference values.

4. A method according to any preceding claim, wherein said motion direction estimation can have values correspond-
ing to no direction, 0°, 45°, 90°, 135°, 180°, 225°, 270° and 315°.

5. A method of motion estimation comprising iteratively performing a method according to any preceding claim, where-
in the displacement of said neighbouring blocks from said central block is reduced with each iteration.

6. Amethod according to claim 5, wherein the iteration is halted if the motion direction estimation indicates no direction
of motion.

7. A motion estimation method comprising the steps of:

(a) calculating a mean absolute difference (MAD) at a centre point of a search block and neighbouring search
points;

(b) performing motion estimation around the centre point if the centre point has the smallest MAD value; and
(c) performing motion estimation using a correlation between the neighbouring search points if the centre point
does not have the smallest MAD value.

8. The method of claim 7, wherein the step (b) comprises the steps of:
(b-1) introducing a predetermined number of new search points displaced with a predetermined pixel distance
from the centre point if the centre point is determined to have the smallest MAD value in the step (a); and
(b-2) calculating MAD values of the introduced search points and determining a displacement vector of a

search point having the smallest MAD value as a motion vector.

9. The method of claim 7, wherein the step (c) comprises:
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(c-1) determining a direction of a motion using a correlation between the neighbouring search points if the
centre point is determined not to have the smallest MAD value in the step (a).

The method of claim 9, wherein the correlation is based on an absolute difference between an MAD value of a
search point having the smallest MAD value and MAD values of the neighbouring search points.

The method of claim 7, wherein the step (c) comprises;

(c-1) determining new search points for the second step on the basis of the correlation between the neigh-
bouring search points if the smallest MAD value is at one of the neighbouring search points;

(c-2) calculating MAD values at the search points determined in the step (c-1); and

(c-3) determining a new search centre point for the third step on the basis of the correlation between the search
point having the smallest MAD value and the neighbouring search points in the results of the step (c-2).

The method of claim 11, wherein the step (c-3) comprises:

(c-3-1) selecting a middle point between the centre point and the neighbouring search points in the direction
where the absolute difference between the MAD value of the centre point and the MAD value of one of the
neighbouring search points is small; and

(c-3-2) calculating an MAD value at the middle point and the centre point, and determining the one of the
middle point and the centre point having the smaller MAD value as a new search point.

The method of any one of claims 7 through 12, wherein the mean absolute difference (MAD) is a mean square
difference (MSD).

The method of either claim 11 or claim 12 further comprising after the step (c-3):
(c-4) introducing a predetermined number of search points a predetermined estimation distance apart from
the newly determined search centre point; and
(c-5) calculating MAD values on the introduced search points, and determining a displacement vector of a
search point having the smallest MAD value as a motion vector.

The method of one of the claim 14, wherein the mean absolute difference (MAD) is a mean square difference (MSD).

A video compression apparatus including processing means, wherein the processing means is configured to com-
press image data using a motion estimation method according to any preceding claim.
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FIG. 4B
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